The effect of waterlogging on ethanol accumulation in the stems and roots of water sensitive and tolerant species of Prunus was examined. No or little accumulation of ethanol was found in the fine roots, but a close correlation was apparent between ethanol accumulation in the tap roots and stems and the sensitivity to waterlogging. A rapid ethanol accumulation was found in peach (Prunus persica Batsch) and Japanese apricot (P. mume Sieb. et Zucc. ), while a slight accumulation in Japanese plum (P. salicina Lindl.) and little in P. japonica Thunb.
Introduction
Rowe and Beardsell (9) tabulated water tolerance of Prunus species by cross-referring many literatures in their review. Prunus species vary in their water tolerance from intermediate (plum) to sensitive (apricot, peach and almond). Mizutani et al. (7) compared water tolerance of Prunus species in order to select water tolerant rootstocks for peach. They found that P. japonica is an extremely tolerant species and compatible with many peach scion cultivars.
`Okubo' peach trees on P. japonica are dwarfed (8) .
Ethanol accumulation under anaerobic conditions is well known in various plant tissues. Crawf ord (4) reported that there was an increase in ethanol production and ethanol dehydrogenase activity in roots of plant species whose growth was reduced by waterlogging. In this study we investigated whether the differential water tolerance of Prunus species is related to the ethanol accumulation in the tissues under flooded conditions.
The relationship between water tolerant and sensitive rootstocks and ethanol accumulation in the shoots and roots of peach trees was also examined.
In addition, the effect of a soil drench of aqueous ethanol on the shoot growth of tolerant and sensitive species was compared.
Materials and Methods
In the first experiment, 2 or 3-year-old seedlings and cuttings of 4 Prunus species (P. persica, P. mume, P. salicina and P. japonica) were grown in 18-cm plastic pots. They were waterlogged for 10 days from May 29, 1979.
Their fine roots and upper and lower stems were collected after 0, 3, 6 and 10 days of flooding.
Upper stems were defined as the portions of stem extending 10 cm down from the shoot tips.
Lower stems were defined as those extending upward 5 cm from the soil surface. In another trial, 2 or 3-F., YAMADA M. AND TOMANA T.
year-old seedlings and cuttings of P, persica. P. mume and P. japonica grown in 18 cm plastic pots were waterlogged for 18 days from June 29, 1979. Their tap roots and lower stems were collected after 0, 6,12 and 18 days of flooding.
One or 2 g of the tissues was immediately homogenized in acetone and the homogenate was stored in a sealed vial in a freezer until analysis. For measurement of ethanol content, 2 ul of the supernatant of homogenate was directly injected into a gaschromatograph(Shimadzu GC 6A, 1 m x 3 mm i. d. glass column packed with Porapak Q, detector equipped with FID).
Injury symptoms of the above ground parts due to waterlogging were estimated by giving a score of 0(no visible injury) to 5(tree death), based on the degree of cessation of shoot growth, leaf wilting, chlorosis and abscission.
In the second experiment, three 2-yearold peach cultivars grafted on peach and P. japonica rootstocks were planted in 24 cm pots in spring, 1979. They were waterlogged for 8 days in early autumn, 1979. Ethanol content in the upper and lower stems and tap roots was measured by the same method as described above.
In the third experiment, 1-year-old peach and P. japonica seedlings grown in 15 cm plastic pots were used to examine the effect of a soil drench of ethanol on their shoot growth.
Aqueous ethanol at concentrations of 0, 2, 7 and 20% was applied to the pots at the beginning of the experiment and 2 days later(100 mi/pot each treatment). The shoot growth was measured at weekly intervals.
Results and Discussion No appreciable ethanol accumulation was found in the fine roots except for Japanese plum (Fig.1) , but differential ethanol accumulation was apparent in the tap roots between the water sensitive and tolerant species (Fig. 3) .
Figs. 2 and 4 show the effect of waterlogging on the injury index of the above ground parts. Whereas peach and Japanese apricot developed a symptom of severe chlorosis and wilting of leaves, P. japonica and Japanese plum developed no or little injury symptoms during the waterlogged periods.
In a previous paper, we reported differences in water tolerance of several Prunus species in pot tests (7) .
Our present results showed that the sensitivity to waterlogging was closely related to ethanol accumulation in the tap roots and stems. P. japonica, which was most tolerant in our previous tests, accumulated much less ethanol than peach and Japanese apricot (Figs.1,  3 ). Crawford(3) and McManmon and Crawford(6) showed a close correlation between ethanol-accumulating species of Senecio and their sensitivety to waterlogging.
Catlin et al. (1) reported that rates of anaerobic production of ethanol by roots of willow and wignut (tolerant) and two walnut species(sensitive)
were not consistent with differences in plant response to waterlogging. They insisted that after initial accumulation within roots, ethanol moved to the external The fact that ethanol was detected in the upper stems of peach and Japanese apricot only after 3 days of flooding (Fig,1) indicates a rapid translocation of ethanol from roots to shoots. An apparent downward gradient of ethanol concentrations from roots to upper stems also suggests that the ethanol produced in the roots moved through the xylem to the above ground parts with transpiration stream (Table 1 ). Fulton and Erickson (5) showed that ethanol can be detected in the xylem sap of tomato plants under flooded conditions. Fig. 5 shows the effect of a soil drench of ethanol on the shoot growth of young peach and P. japonica seedlings. Aqueous ethanol at a concentration of 20% completely inhibited the shoot growth of the two species.
Even at 2% ethanol, the shoot growth was reduced to about 50% of the controls.
The ethanol toxicity was slightly greater in peach than P. japonica when 7 ethanol was applied. As no marked difference was found in the toxic effect of exogenously applied ethanol between peach and P japonica, the water tolerance of the latter is possibly due to the ability to avoid ethanol accumulation in the roots.
Chirkova(2) reported the diff eretial tolerance to ethanol toxicity between water tolerant and sensitive species. He found that the superficially sterilized roots of rice and willow(tolerant) remained viable in 1 M solutions of ethanol and lactate prepared with sterile distilled water, for a considerably longer time than the roots of wheat and poplar(sensitive).
The roots of willow were killed in 1 M solution in 3 days, in 10-1 M in 7 days; while in poplar, the growing points of roots died off in the same concentrations in 2 and 4 days, respectively. We previously reported that P. japonica, when used as a rootstock for peach, exhibited the greatest water tolerance among Prunus species examined (7) .
In this experiment, 3 scion cultivars of peach trees grafted on P. japonica showed greater tolerance than those on peach seedlings ( Table 1 ). The rootstock effect on ethanol accumulation in the tap roots and stems under flooded conditions was shown in Table 1 . In all combinations, the ethanol content was lower in the trees grafted on P. japonica than peach rootstocks.
Ethylene concentrations in the stems and roots were also lower in P. japonica than in peach seedlings under flooded conditions (8) .
In conclusion, a mechanism(s) for avoiding the accumulation of anaerobic metabolites such as ethanol and ethylene is possibly involved in the water tolerance of P .
japonica roots.
Literature Cited
